We present Collocation Assistant, a prototype of a collocational aid designed to promote the collocational competence of learners of Japanese as a second language (JSL). Focusing on noun-verb constructions, the tool automatically flags possible collocation errors and suggests better collocations by using corrections extracted from a large annotated Japanese language learner corpus. Each suggestion includes several usage examples to help learners choose the best candidate. In a preliminary user study with JSL learners, Collocation Assistant received positive feedback, and the results indicate that the system is helpful to assist learners in choosing correct word combinations in Japanese.
Introduction
Collocational competence is one of the factors which contribute to the differences between native speakers and second language learners (Shei and Pain, 2000) . However, studies confirm that the correct use of collocations is challenging, even for advanced second language learners (Liu, 2002; Nesselhauf, 2003; Wible et al., 2003) . Since there are no well-defined rules to determine collocation preferences, language learners are prone to produce word combinations that, although they may be grammatically and semantically well formed, may sound "unnatural" to a native speaker. Moreover, the number of tools designed to target language learners' collocation errors is limited or inexistent for many languages, which makes it difficult for learners to detect and correct these errors. Therefore, an application that can detect a learners' collocation errors and suggest the most appropriate "ready-made units" as corrections is an important goal for natural language processing (Leacock et al., 2014) .
In this paper, we describe Collocation Assistant, a web-based and corpus-based collocational aid, aiming at helping JSL learners expand their collocational knowledge. Focusing on noun-verb constructions, Collocation Assistant flags possible collocation errors and suggests a ranked list of more conventional expressions. Each suggestion is supported with evidence from authentic texts, showing several usage examples of the expression in context to help learners choose the best candidate. Based on our previous study (Pereira et al., 2013) , the system generates corrections to the learners' collocation error tendencies by using noun and verb corrections extracted from a large annotated Japanese learner corpus. For ranking the collocation correction candidates, it uses the Weighted Dice coefficient (Kitamura and Matsumoto, 1997) . We add to our previous work by implementing an interface that allows end-users to identify and correct their own collocation errors. In addition, we conducted a preliminary evaluation with JSL learners to gather their feedback on using the tool.
The need for collocational aids
Existing linguistic tools are often of limited utility in assisting second language learners with collocations. Most spell checkers and grammar checkers can help correct errors made by native speakers, but offer no assistance for non-native errors. Futagi et al. (2008) note that common aids for second language learners namely, dictionaries and thesauri are often of limited value when the learner does not know the appropriate collocation and must sort through a list of synonyms to find one that is contextually appropriate. Yi et al. (2008) observe that language learners often use search engines to check if a phrase is commonly used by observing the number of results returned. However, search engines are not designed to offer alternative phrases that are more commonly used than the learner's phrase (Park et al., 2008) . Concordancers seem to be an alternative to search engines, but they retrieve too much information because they usually allow only single-word queries. Too much information might distract and confuse the user (Chen et al., 2014) . Thus, a computer program that automatically identifies potential collocation errors and suggests corrections would be a more appropriate resource for second language learners.
A few researchers have proposed useful English corpus-based tools for correcting collocation errors (Futagi et al., 2008; Liu et al., 2009; Park et al., 2008; Chang et al., 2008; Wible et al., 2003; Dahlmeier and Ng, 2011) . In a user study, Park et al. (2008) observed positive reactions from users when using their system. In another study, Liou et al. (2006) showed that the miscollocation aid proposed by Chang et al. (2008) can help learners improve their knowledge in collocations. One limitation is that these proposed tools rely on resources of limited coverage, such as dictionaries, thesauri, or manually constructed databases to generate the candidates. Another drawback is that most of these systems rely solely on well-formed English resources (except Wible et al., 2003) and do not actually take into account the learners' tendencies toward collocation errors.
Collocation Assistant
In the proposed system, we focused on providing Japanese collocation suggestions for potential collocation errors in Japanese noun-verb constructions. Given the noun-verb collocation input by a learner, the system first checks if it exists in the reference corpora. If not, the input is validated as a potential collocation error and a message is displayed to the user. Next, the system suggests more appropriate noun-verb collocations. For instance, if the learner types *夢をする (yume wo suru , lit. 'to do a dream'), the system flags a collocation error. When the user clicks on "same noun", the system displays better collocations with the same noun input by the user, such as 夢を見る (yume wo miru, 'to dream') and 夢 を 持 つ (yume wo motsu, 'to hold a dream'), as shown in Figure 1 . Likewise, when the user clicks on "same verb", the system displays better collocations with the same verb input by the user. If the user clicks on "View all suggestions", all possible better collocations with the same noun or the same verb input by the user are displayed. Aside from the collocations, sentence examples for each phrase suggestion are displayed, showing the phrase in context with surrounding text. Showing phrases in context can be crucial in helping users determine which phrase is most appropriate (Park et al., 2008) . Even if the learner's input is not flagged as an error, it will undergo the same correction process, since better collocations than the input might exist. In this case, the learner will check the ranked suggestions and sentence examples and choose the most appropriate expression. The current system does not detect which component (noun or verb) is wrong in a noun-verb construction. Therefore, the learner must specify which component would be corrected by the system. This has been the common evaluation setup in collocation error correction, which assumes that the error is already detected and more focus is given on correcting the identified errors. (Dahlmeier and Ng, 2011) . In case the learner types only a noun or only a verb, the system will suggest collocations containing words that strongly collocate with this input.
Approach to collocation suggestion
Based on our previous study (Pereira et al., 2013) , our Collocation Assistant generates collocation corrections by using noun and verb corrections extracted from a large annotated Japanese language learner corpus, Lang-8 1 . This approach to generating corrections achieved superior performance compared to methods that generate candidates based solely on the semantic relation of words. Using noun and verb corrections extracted from a learner corpus, our system can explore the learners' tendency to commit collocation errors. For ranking the collocation correction candidates, the tool uses the Weighted Dice coefficient (Kitamura and Matsumoto, 1997). This association measure achieved the best performance in our task among other association measures evaluated (i.e. pointwise mutual information, log-likelihood and dice coefficient).
Resources used for providing sentence examples
We used several monolingual and bilingual resources for providing useful sentence examples to users. These resources are: Bilingual resources. 1) Tatoeba Corpus 2 , a 
Preliminary User Study of the Collocation Assistant
We conducted a preliminary evaluation with JSL learners to gather their feedback on using the Collocation Assistant. The results gave us insights about the usefulness of the tool, and about the possible interesting evaluations that should be carried out in the future.
Participants
In this study, 10 JSL learners, all graduate students from the same institution as the authors were invited to participate. Participants' ages ranged from 24 to 33 years, and the average age was 27.5. Among the respondents, 2 were female and 8 were male, and they had different language backgrounds (Chinese, Indonesian, Tagalog, Swahili, Spanish, and Basque). Regarding their proficiency level, three were beginners, three were intermediate, and four were advanced learners, based on the Japanese-Language proficiency test certificate level they previously obtained. All participants were regular computer users.
Procedure
A collocation test was designed to examine whether or not the tool could help JSL learners find proper Japanese collocations. This included 12 Japanese sentences from the Lang-8 learner corpus and from another small annotated Japanese learner corpus, NAIST Goyo Corpus (Oyama, Komachi and Matsumoto, 2013) . The sentences and their corrections were further validated by a professional Japanese teacher. Each sentence contained one noun-verb collocation error made by JSL learners. The participants were asked to use the Collocation Assistant to identify and correct the errors. Next, they were asked to write a small paragraph in Japanese and to use the tool if they needed. After performing the task, a survey questionnaire was also administered to better understand the learners' impressions of the tool. The questionnaire contained 43 questions answerable by a 7-point Likert-scale (with 7 labeled "strongly agree" and 1 labeled "strongly disagree"). The second part of the questionnaire contained 7 openended questions. Our survey questionnaire inquired on the difficulty of Japanese collocations, the usefulness of Collocation Assistant, the design of Collocation Assistant and the quality of the retrieved data.
Results on the Collocation Test and Survey Questionnaire
The participants successfully found corrections for an average of 8.9 (SD=1.6) out of 12 cases. The average time participants took to complete the task was 29 (SD=16) minutes. The average score of beginner and intermediate learners was 9.6 (SD=0.5). They scored higher than advanced learners, who obtained an average score of 8.2 (SD=2.0). Analyzing the log files of their interactions with the system, we observed that intermediate and beginner learners used the system 40% more times (on average) than the advanced learners. We noticed that two advanced learners tried to answer the questions without using the system when they felt confident about the answer, whereas the beginners and intermediate learners used the system for all sentences and obtained higher scores. The participants had difficulty in correcting two particular long sentences in the test. The noun-verb collocations in the sentences alone were not incorrect, but they were not appropriate in the context they appeared. The participants had difficulty in finding sentence examples close to the meaning of the sentences in the test. Although we need to evaluate this tool with a larger number of users, we observed that the system was effective in helping the learners choose the proper collocations. In the questionnaire administered, all participants acknowledged their difficulty in using Japanese collocations appropriately and stated that the software aids they used did not provide enough information about the meaning of Japanese phrases nor help in correcting errors in Japanese expressions. Their attitude toward the usefulness of Collocation Assistant was mostly positive and they thought the tool was useful to help choose the proper way to use Japanese expressions. Most participants considered the interface easy to use (M=6.3, SD=0.8). Regarding the quality of the retrieved data, the participants expressed satisfaction with the retrieved collocations, with an average score of 6.5 (SD=0.7). They also expressed satisfaction with the ranking of the collocations presented, with an average score of 5.8 (SD=0.6). Additionally, they reported that the sentence examples further helped them understand in which context an expression should be used. However, some participants expressed dissatisfaction with the complexity of some example sentences: some of the sentences were too long and difficult to understand. In the second part of the questionnaire, some participants stated that the Collocation Assistant could be helpful when learning new words and when one does not know which word combinations to use. They also suggested that the tool could be useful for teachers too when giving feedback to their students about the common errors they make and when providing alternative ways of expressing the same idea. Lastly, they suggested several improvements regarding the sentence examples and the interface: show shorter and simpler example sentences, highlithgt the user's input in the sentence examples and allow English search.
Conclusions
In this paper, we presented a collocational aid system for JSL learners. The tool flags possible collocation errors and suggests corrections by using corrections extracted from a large annotated Japanese language learner corpus. Our Collocation Assistant received positive feedback from JSL learners in a preliminary user study. The system can be used independently as a phrase dictionary, or it can be integrated into the writing component of some bigger CALL systems. For example, Collocation Assistant can be used by teachers as a way to obtain better understanding about learners' errors and help them provide better feedback to the students. One limitation of our experiments is the limited contextual information (only the noun, particle, and verb written by the learner). In the future, to verify our approach and to improve on our current results, we plan to consider a wider context size and other types of constructions (e.g., adjective-noun, adverb-verb, etc.). We also intend to investigate how to adjust the difficulty level of the sentences according to the user's proficienSolution cy level. Finally, we plan to conduct a more extensive evaluation with JSL learners to verify the usefulness of the tool in practical learning scenarios.
